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 2 
Abstract  24 
Twelve novel polymorphic microsatellite loci were isolated and characterized for the 25 
Iberian Ribbed Newt, Pleurodeles waltl (Caudata, Salamandridae). The distribution of 26 
this newt ranges from central and southern Iberia to northwestern Morocco. 27 
Polymorphism of these novel loci was tested in 40 individuals from two Iberian 28 
populations and compared with previously published markers. The number of alleles 29 
per locus ranged from two to eight. Observed and expected heterozygosity ranged from 30 
0.13 to 0.57 and from 0.21 to 0.64, respectively. Cross-species amplification was tested 31 
in Pleurodeles nebulosus, which is listed as Vulnerable by the IUCN. Eight new and 32 
seven previously published loci amplified successfully in that species and thus represent 33 
a valuable conservation tool. The novel microsatellites will be useful for a better 34 
understanding of the population dynamics, demography, genetic structure, and 35 
evolutionary history of Pleurodeles waltl and P. nebulosus. 36 
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The Iberian Ribbed Newt, Pleurodeles waltl Michahelles, 1830, is a large (up to 30 cm) 42 
salamandrid that is widely distributed throughout most of the Iberian Peninsula and 43 
northwestern Morocco (Beukema et al., 2013). Currently, it is listed as Near Threatened 44 
by the UICN, given that populations probably are in significant decline (Beja et al., 45 
2009). The main threats are aquatic habitat loss, road mortality and the introduction of 46 
invasive species like the crayfish Procambarus clarkii (Montori et al., 2002). However, 47 
habitat fragmentation may also play a negative role in the Ribbed Newt’s regional 48 
dynamics, especially at the southern end of the range. Potentially available conservation 49 
measures such as identification and protection of corridors connecting populations are 50 
limited by the lack of data on their biology and demography (Salvador, 2002). 51 
Previous phylogeographic studies have identified two distinct mitochondrial 52 
lineages (Carranza and Arnold, 2004; Veith et al., 2004). A western lineage is 53 
distributed across the west and center of the Iberian Peninsula, while an eastern lineage 54 
spreads across eastern Iberia and northern Morocco. According to Carranza and Arnold 55 
(2004), the process of vicariance between the two lineages would have occurred 56 
between 3.2 and 2 million years ago, in the Late Pliocene or Early Pleistocene. 57 
Populations of Morocco and the Iberian Peninsula are genetically very similar and even 58 
share mtDNA haplotypes (Veith et al., 2004), which has led some authors to propose 59 
alternative hypotheses to explain the low genetic differentiation between populations on 60 
both sides of the Gibraltar Strait. The first hypothesis is a recent anthropogenic 61 
introduction in northern Morocco, and the second suggests the origin of Moroccan 62 
populations through passive transport on vegetation rafts carried by ocean currents 63 
(Busack, 1986; Veith et al., 2004). These hypotheses have not been tested with fast-64 
evolving molecular markers, like microsatellites, which are well suited for the study of 65 
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such recent events. Microsatellites are ubiquitous, codominant, non-coding genetic 66 
markers consisting of repeats of one to six base pairs with high levels of length 67 
polymorphism due to higher rates of mutation than other genomic regions. Because of 68 
their high variability and ease of genotyping they are widely used to address questions 69 
in Evolutionary and Conservation Biology (Ellegren, 2004).  70 
In this study, we report the development of twelve new polymorphic 71 
microsatellite loci in P. waltl. Cross-species amplification was also tested in samples of 72 
the closely related, north African endemic species P. nebulosus, which is listed as 73 
Vulnerable by the IUCN. We compare levels of polymorphism in the newly developed 74 
loci with those previously published (Vliet et al., 2009) and discuss potential 75 
applications.  76 
An enriched partial genomic library was generated from DNA of a single individual of Pleurodeles waltl 77 
collected from Valdemanco, Madrid, Spain. The library was prepared at the Sequencing Genotyping 78 
Facility, Cornell Life Sciences Core Laboratory Center (CLC). Genomic DNA was extracted with Qiagen 79 
DNeasy Blood and Tissue Kits, digested with the restriction enzymes BsaA I and Hinc II, and ligated to 80 
SNX linkers (Hamilton et al., 1999). The cut DNA was enriched by hybridization with a mix of biotin-81 
labelled oligonucleotide probes (motifs: GT8, TC9.5, TA15, TTA11, GTT6.33, TTC7, GCT4.33, GAT7, 82 
GTA8.33, GTG8.33, GTG4.67, GTC4.67, TCC5, TTTA8.5, TTTG5.25, TTTC6, GATA7, GTAT6.25, GAAT5.5, 83 
GATT5.5, GTTA6.25, TTAC6.75, GATG4.25, GGTT4, GCTT3.75, GTAG4.25, GTCA4.25, GTTC4, TCAC4.25, 84 
TTCC4.25) and incubated at 56 ºC for 20 minutes. The enriched product was carefully isolated from the 85 
rest of the genomic DNA fragments using streptavidin-coated magnetic beads (NEB) and amplified by 86 
PCR using the SNX linkers. PCR products were purified and ligated with vector pUC19 (NEB) and 87 
transformed into Escherichia coli electrocompetent DH5-E cells (Invitrogen). The recombinant clones 88 
obtained were directly transferred onto nylon filter membranes (Osmonics), and once fixed, they were 89 
hybridized at 50 ºC overnight with 
33
P-labelled probes taken from the same motifs used previously. The 90 
nylon membranes were transferred to film plastic wrap and exposed to film for chemiluminiscent signal 91 
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detection. Positive colonies containing microsatellites were cultivated, amplified with M13 forward or 92 
reverse primers and sequenced using an ABI PRISM 3100 automated sequencer (Applied Biosystems). 93 
A total of 34 clones containing microsatellite motifs were selected for further screening. Primer 94 
pairs were designed with the program Primer3plus (Untergasser et al., 2007). Genomic DNA was 95 
extracted from tail tips of larvae with NucleoSpin Tissue-Kits (Macherey-Nagel). PCR reactions were 96 
performed in a total volume of 15 μl, including 25 ng of template DNA, 5x GoTaq Flexi buffer 97 
(PROMEGA), 1.5 mM MgCl2, 0.1 mM dNTP, 0.1 μM fluorescent primer, 0.l μM primer and 0.5 U 98 
GoTaq Flexi DNA polymerase (PROMEGA). The PCR cycling profile consisted of an initial 99 
denaturation at 95°C for 5 minutes, followed by 35 cycles of denaturation at 95°C for 45 seconds, 100 
annealing between 57- 62ºC for 45 seconds, and extension at 72°C for 45 seconds, with a final extension 101 
at 72°C for 10 minutes. PCR products were visualized on 2.5% agarose gels. PCR primer fail rate (65%) 102 
was similar to that reported by Vliet et al. (2009) (60%). 103 
Of the 34 initially selected loci, 26 showed unambiguous bands and were chosen to score genetic 104 
variation in samples from two populations of P. waltl (Valdemanco: Madrid, n: 20; and Chiclana: Cádiz, 105 
n: 20) and one of P. nebulosus (Jendouba, Tunisia, n: 8). The two populations of P. waltl represent the 106 
two major mtDNA lineages previously described (eastern: Chiclana; western: Valdemanco), although in 107 
Valdemanco there are eastern mtDNA haplotypes in low frequencies, too (around 10%, unpublished 108 
data). Fluorescent dyes 6-FAM, PET, NED, and VIC were used to label forward primers for use in 109 
multiplex reactions, which were designed with MULTIPLEX MANAGER v1.2 (Holleley and Geerts, 110 
2009). PCR reactions were performed using Type-it Microsatellite PCR kits (Qiagen). All reactions were 111 
performed in a total volume of 15 μl, containing 7.5 μl of Master Mix, 1.2 μl of primer mix (0.2 μM of 112 
each primer) and 25 ng of template DNA. The PCR cycling profile consisted of an initial denaturation at 113 
95°C for 5 minutes, followed by 30 cycles of denaturation at 95°C for 30 seconds, annealing between 57-114 
62ºC for 90 seconds, and extension at 72°C for 30 seconds, with a final extension at 60°C for 10 minutes. 115 
PCR products were genotyped on an ABI PRISM 3730 sequencer with the GeneScan 500 LIZ size 116 
standard (Applied Biosystems), and fragments were scored and binned using GENEMAPPER v4.0 117 
(Applied Biosystems). In order to compare levels of polymorphism, we genotyped the same samples 118 
using eleven previously published microsatellites (Vliet et al., 2009). For this purpose, three additional 119 
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multiplex reactions were designed: multiplex 1 (loci Ppl2, Ppl3, Ppl5), multiplex 2 (Ppl1, Ppl12, Ppl13, 120 
Ppl14) and multiplex 3 (Ppl4, Ppl6, Ppl7, Ppl10). The markers Ppl8, Ppl9 and Ppl11 were also tested, 121 
however they presented some problems, such as dropout, non-specific amplification, and no 122 
amplification, respectively. PCR reactions were performed using the same conditions described above. 123 
Differences in PCR protocols across studies may account for the lower amplification success, since Vliet 124 
et al., (2009) used touch-down profiles for all but one loci. 125 
MICROCHECKER v2.2.3 (Van Oosterhout et al., 2004) was used to test for evidence of 126 
stuttering, large allele dropout and presence of null alleles in each population, using a 99% confidence 127 
interval and 1,000 randomizations. We calculated the number of alleles (NA), observed (HO) and expected 128 
(HE) heterozygosity for each locus and population with GENALEX v6.5b5 (Peakall and Smouse, 2006). 129 
Deviations from Hardy-Weinberg equilibrium (HWE) and evidence of linkage disequilibrium (LD) were 130 
tested with the Markov chain method (Guo and Thompson, 1992) implemented in GENEPOP v4.2 131 
(Rousset, 2008). The Markov chain was run with 10,000 dememorization steps, 1,000 batches and 10,000 132 
iterations per batch. A sequential Bonferroni correction (Rice, 1989) was applied to adjust for multiple 133 
comparisons. 134 
Among the 26 new loci tested, only 12 were polymorphic in the samples of P. waltl. 135 
Therefore, multiplex reactions were redesigned, and reduced to four reactions (Table 1). 136 
Potential null alleles were detected at locus Pleu2.21 (estimated frequency: 33.7%) in 137 
the population of Chiclana, which was the only instance of significant deviation from 138 
HWE. There was no evidence of significant LD in any population. This is in contrast to 139 
Vliet et al. (2009), who found significant LD between Ppl12/Ppl13, and significant 140 
deviation from HW in Ppl10. The number of alleles per locus ranged from two 141 
(Pleu2.31, Pleu2.34 and Pleu4.1) to eight (Pleu3.2). The average observed 142 
heterozygosity was 0.31 (range: 0.13–0.57) and the average expected heterozygosity 143 
was 0.35 (range: 0.21–0.64). The average number of alleles per locus and population 144 
ranged from two (Valdemanco) to 3.5 (Chiclana). Observed and expected 145 
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heterozygosities were 0.31/0.33 and 0.36/0.42 in the populations Valdemanco and 146 
Chiclana, respectively. In general, previously published markers were more 147 
polymorphic (number of alleles/observed/expected heterozygosities = 6.0/0.73/0.68 and 148 
13.6/0.92/0.88 in Valdemanco and Chiclana, respectively). Reasons for this are unclear, 149 
although the use of different motifs in library construction may explain at least part of 150 
the differences. 151 
Cross-species amplification with eight samples of Pleurodeles nebulosus was 152 
successful for eight of the thirteen new loci, although only six were polymorphic 153 
(number of alleles ranging from two to six, Table 2). With respect to previously 154 
published markers, seven out of the eleven loci tested also amplified in P. nebulosus 155 
samples (number of alleles: three to eleven) and showed higher levels of polymorphism 156 
(average number of alleles = 3.3 vs. 7.6, observed/expected heterozygosities: 0.42/0.47 157 
vs. 0.71/0.76, in new vs. published loci, respectively). The overall similar values of 158 
polymorphism of the markers across species and the high cross-amplification success in 159 
P. nebulosus (despite at least 5.3 million years of independent evolution, see Carranza 160 
and Arnold, 2004; Veith et al., 2004) are in contrast to general expectations, given the 161 
overall low transferability of microsatellites in amphibians (Nair et al., 2012). The 162 
reasons for this are unclear, although biogeographic factors (for instance, lower 163 
diversity is expected in populations in recently-expanding parts of the range) are 164 
unlikely, since historical refugia for the species seem to have been located in the south 165 
(unpublished data), where one of the study populations (Chiclana) was sampled. 166 
These new markers complement those previously published and will help to 167 
address a variety of questions on the population dynamics and demography (mating 168 
system, low-scale dispersal, effective population size), genetic structure (identification 169 
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of potential barriers to gene flow), and evolutionary history (delineation of lineages and 170 
their contact zones) of P. waltl. In addition, the success of cross-amplification tests in 171 
the closely related species P. nebulosus is important from a conservation perspective. 172 
This species is listed as Vulnerable by the IUCN, because its distribution area in 173 
northern Algeria and Tunisia is less than 2000 km
2
 and is very fragmented (Donaire-174 
Barroso et al., 2013) and thus these markers will provide valuable information on the 175 
spatial genetic structure of its populations. Further tests should be conducted on the 176 
third extant species in the genus, P. poireti, which has the smallest range (less than 500 177 
km
2
, restricted to the Edough peninsula in northern Algeria) and is listed as Endangered 178 
by the IUCN (Geniez and Mateo, 2006).  179 
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Table 1. Description of 12 new polymorphic and one monomorphic microsatellite loci isolated for the Iberian Ribbed newt (Pleurodeles waltl). 
Locus name, primer sequences, fluorescent dye, repeat motif, multiplex reaction, annealing temperature, size of amplified product (bp), and 
GenBank accession numbers are listed for each locus. Also indicated are the number of individuals successfully genotyped (n), number of alleles 
(NA), observed (HO) and expected (HE) heterozygosities for each locus and population (Valdemanco/Chiclana), as well as cross-species 
amplification of each locus in P. nebulosus (+: positive, -: negative). 
 
Locus Primer sequence 
Labelling 
dye Repeated motif 
Multiplex 
reaction Ta Size ranges (bp)  n NA Ho He P. nebulosus GenBank accession no. 
Pleu2.3 
5' TTGGAAACCACAACTGATGAA 3' 
NED (TC)10 Multiplex 1 60 226 - 240 20/20 1/4 0/0.5 0/0.42 + KF647652 
5' ATTTCCTGCTCTCCACACCA 3' 
Pleu2.19 
5' ATGAACCCCTGGAGACACTG 3' 
VIC (TG)14 Multiplex 1 60 228 - 236 20/20 4/3 0.6/0.45 0.49/0.53 - KF647653 
5' ACGCTCAGTCCGTTCATTTT 3' 
Pleu2.34 
5' GAGACATGACTTGCCCAACA 3' 
6-FAM (CA)12 Multiplex 1 60 138 -148 20/16 2/1 0.35/0 0.47/0 - KF647658 
5' CTTTGCCCCGGTAATACTCC 3' 
Pleu2.16 
5' CTATTGTGGTGACCCGCATT 3' 
PET (TG)16(AG)19 Multiplex 2 57 219 - 251 20/20 2/7 0.5/0.6 0.46/0.68 + KF647655 
5' GCCTTATGAGGGTTTCATGC 3' 
Pleu2.31 
5' AGCCTCTTGGTTGGTCTCAG 3' 
VIC (GA)10 Multiplex 2 57 210 - 216 20/20 2/1 0.4/0 0.5/0 - KF647657 
5' CATGTCCCGTTCTTTGTCCT 3' 
Pleu3.2 
5' GACCGCTGCTGCAAGTATCT 3' 
6-FAM (TTC)21 Multiplex 2 57 184 - 223 20/20 2/7 0.4/0.75 0.5/0.78 + KF647661 
5' AGAGCGCTTTACACCAGAGC 3' 
Pleu3.5 
5' CAAGCAGGGTTTTGCCTTTA 3' 
6-FAM (TGA)3GGAAGCTGTTGGGGC(TGA)9 Multiplex 3 60 178 - 199 20/20 1/4 0/0.55 0/0.58 + KF647662 
5' CCTGCTTTGCAACTCTCTCC 3' 
Pleu4.1 
5' CTAGTGAGCAGCACGTCCAC 3' 
VIC (ATTG)2ACTG(ATTG)5 Multiplex 3 60 194 - 198 20/20 2/2 0.2/0.15 0.48/0.14 + KF647660 
5' ATGAAAACTCCGCTTGAAGG 3' 
Pleu2.35 
5' GACCTATCCTAGTTTCTCATCCTCAC 3' 
6-FAM (TC)14 Multiplex 4 62 139 -151 20/19 1/4 0/0.26 0/0.42 + KF647659 
5' TTGTTATGCAAAATTCAGGAGA 3' 
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Pleu3.14 
5' CAGCTGGATAAACATGGCAAC 3' 
6-FAM (ATT)5(GTT)9 Multiplex 4 62 257 - 266 20/19 2/4 0.05/0.53 0.05/0.59 - KF647664 
5' TTTCGAATGCAAATCAAAGC 3' 
Pleu3.11 
5' GGGAAATCTCAGTCCGAACA 3' 
VIC (CTT)9 Multiplex 4 62 225 -237 20/20 2/3 0.55/0.4 0.49/0.48 + KF647663 
5' ACCTCTTTCCCAGCTCCACT 3' 
Pleu2.21 
5' TTGGAATGCAGCTATGTTGG 3' 
NED (TG)13 Multiplex 4 62 195 - 223 20/19 3/2 0.7/0.11 0.55/0.5 - KF647654 
5' TTACCATCTTGGAAAGGCTCT 3' 
Pleu2.29 
5' GGACACCTGCTTGACCCTTA 3' 
NED (TC)10 TGTCTG(TC)4 - 57 165 20/20 1 - - + KF647656 
5' CTTCCTGCGACCTTGGTAAA 3' 
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Table 2. Polymorphism in loci isolated from P. waltl in P. nebulosus (n: 8): locus name, number of alleles (NA), observed (HO) and expected 
(HE) heterozygosities. * = loci from Vliet et al. (2009). 
Locus NA Size range (bp) HE HO 
Pleu2.3 2 220 -  226 0.125 0.305 
Pleu2.16 6 210 - 242 0.875 0.672 
Pleu2.29 3 165 - 169 0.375 0.461 
Pleu3.2 2 157 - 172 0.250 0.219 
Pleu3.5 1 131 - - 
Pleu4.1 3 190 - 198 0.375 0.570 
Pleu2.35 4 118 - 140 0.500 0.609 
Pleu3.11 1 231 - - 
Ppl3* 10 139 - 185 1.000 0.883 
Ppl5* 7 146 - 184 0.750 0.844 
Ppl7* 9 167 - 195 0.875 0.789 
Ppl10* 3 138 - 142 0.125 0.320 
Ppl12* 7 110 - 168 0.625 0.813 
Ppl13* 11 184 - 278 1.000 0.875 
Ppl14* 5 306 - 322 0.625 0.773 
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